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Key Points
• Echocardiography, because of its excellent spatial resolution and ability to assess both anatomy on twodimensional imaging and physiology by Doppler, is especially suited to the diagnosis and follow-up of adults with congenital heart disease.
• Indications for echocardiography in this patient population have been published. • In the previously undiagnosed adult with suspected congenital heart disease, a careful segmental approach to scanning is required to make a complete diagnosis.
• Echocardiography of adults with congenital heart defects should be performed and interpreted by personnel trained in the care of these patients.
• Echocardiography of adults with congenital heart disease requires knowledge of the anatomy and natural history of unoperated defects, awareness of the possible palliative or corrective procedures for the defect, and awareness of the potential complications, sequelae, and residua of the repair.
Indications for Echocardiography in the Evaluation of the Adult with Congenital Heart Disease
Thanks to advances in antenatal and postnatal diagnostic methods, rapid progress in surgical options and technique, improvements in perioperative management, and meticulous care by pediatric cardiac specialists, over 85% of children born with cardiac anomalies survive well into adulthood. The 32nd Bethesda Conference sponsored by the American College of Cardiology estimated that over 800,000 adults with congenital heart defects were living in the United States as of the year 2000. 1 Based on birth rates and disease incidence, one group of investigators estimated that there are currently up to 1.33 million U.S. survivors with congenital heart disease born since 1940, 56% with simple lesions, 30% with moderately complex lesions, and 14% with more severe lesions.
2 An additional 3 million Americans have bicuspid aortic valves. Adults, most of whom have undergone some operation to repair or palliate their defect, will soon outnumber children with congenital cardiac defects. The long-term clinical course of these patients will be determined by both their congenital and acquired cardiovascular conditions, which require accurate diagnosis, diligent ongoing follow-up, and continued management.
Echocardiography plays an essential role in the diagnosis and management of patients with congenital heart disease. For an unselected cohort of children and adolescents referred for evaluation of a cardiac murmur, echocardiography identified congenital cardiac lesions in 12% of subjects diagnosed to have a functional murmur on history and physical examination performed by experienced congenital cardiologists. For 152 individuals who underwent auscultation, the diagnosis by echocardiography was discordant in 19% of patients, with a major discordance recorded in 6%.
3 In many cases, echocardiography supplants invasive diagnostic techniques in patients who proceed to complete repair, palliation, or reoperation without the need for cardiac catheterization. Transthoracic echocardiography (TTE) with two-dimensional (2D) imaging and color 4 and spectral Doppler affords accurate and complete characterization of cardiac anatomy and hemodynamics in the majority of adults with congenital heart disease. For patients with limited acoustic windows due to c h a p t e r 11 prior operations, body habitus, coexistent lung disease, or atypical cardiac location within the chest, or those with structures not accessible to TTE, transesophageal echocardiography (TEE) provides direct visualization with excellent resolution. [5] [6] [7] [8] In the operating room, TEE provides invaluable assistance to the surgeon in determining the nature of the surgery, assesses adequacy of repair, and rapidly identifies any immediate complications, thus reducing operative morbidity and mortality.
9,10 Interventional cardiologists use TEE or intracardiac catheter-based echocardiography for guidance during transcatheter procedures, especially for placement of closure devices for atrial septal defects (ASD) or patent foramen ovale (PFO).
11-17 Three-dimensional echocardiography, a promising technique with rapidly improving image quality and speed of image acquisition and rendering, has added to the understanding of congenital heart disease, including ASD closure, and facilitated the diagnosis of cor triatriatum, an uncommon congenital defect.
18-22 Diagnosis of cardiac abnormalities in utero by fetal echocardiography promotes better counseling and education of families. In addition, fetal echocardiography facilitates earlier planning of postnatal management by physicians and parents, including possible surgery.
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Adults with previously undiagnosed congenital cardiac defects, many with minimal hemodynamic consequences up to that time, require a similar echocardiographic approach to that called for in children. It is not unusual for a small ASD without significant left-to-right shunt to be first diagnosed on routine TTE performed for other indications. However, important differences exist between most adults with previously diagnosed or repaired congenital heart defects and their pediatric counterparts, and these differences necessitate additional considerations for the acquisition and interpretation of echocardiographic images in these patients. Adults typically have more difficult acoustic windows with less clear images than children owing to larger body size, prior surgeries, and coexisting conditions that can affect image quality such as lung disease. Echocardiographic contrast agents may improve diagnostic accuracy for assessment of ventricular function and diagnosis of certain anomalies such as apical hypertrophic cardiomyopathy or noncompaction of the left ventricle in these patients.
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Age-and body habitus-associated changes in cardiac position within the chest, cardiac malposition at baseline, or the presence of conduits may require the use of multiple imaging planes from varied ultrasound transducer positions on the chest wall that differ from standard transducer locations. "Adult" cardiovascular diseases like hypertension and atherosclerotic coronary or peripheral arterial disease may alter the "typical" physiology of a congenital defect; for example, a small secundum ASD with no significant shunt when the patient is 20 years of age may cause right ventricular volume overload at age 50 when blood pressure is higher and ventricular compliance is less. Patients with unoperated cardiac lesions will exhibit expected complications of that defect as determined by the underlying lesion. Importantly, adults with congenital abnormalities that were "successfully" repaired or palliated in childhood, including adults with "cured" ASD and coarctation of the aorta, may have residua or late complications of the repair or sequelae of unrepaired components of the defect. The echocardiographer must have knowledge of the echocardiographic features of the isolated unrepaired defect, understand the potential repairs or corrective operations for each defect (especially since the patient may not know the nature of his operation), and examine for potential complications, residua, or late sequelae of unoperated defects or surgical repair or palliation. Thus, echocardiography in the adult with congenital heart disease demands a thorough and careful systematic approach.
This chapter emphasizes the general approach to the examination, outlines echocardiographic features of common defects that may first appear in adulthood, briefly reviews the echocardiographic characteristics of lesions that were most likely diagnosed and operated in childhood, presents the usual appearance of standard operative (and transcatheter) procedures for congenital cardiac anomalies, and demonstrates the echocardiographic findings of the most common late complications or sequelae of palliation or correction. Both 2D TTE and TEE have widespread use in these patients and are presented in detail. M-mode echocardiography, which at one time was utilized for the diagnosis of certain cardiac defects, has minimal clinical application at present and is not discussed. Like pediatric patients, adults with previously undiagnosed congenital heart anomalies benefit from a sequential, segmental approach for the determination cardiac anatomy.
Indications and General Segmental Echocardiographic Approach
The American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Committee on Clinical Applications of Echocardiography) noted the following reasons for adult congenital patients to seek care from a cardiologist and for which they might need an echocardiogram: (1) an initial diagnosis of congenital heart disease; (2) a previously recognized congenital heart disease that is presently inoperable; (3) a progressive clinical deterioration, such as ventricular dysfunction or arrhythmias due to the natural history of their defect; (4) the patient becomes pregnant or has other stresses such as noncardiac surgery or infection, including infective endocarditis; (5) the patient has residual defects after a palliative or corrective operation; (6) the patient develops arrhythmias (including ventricular tachycardia, atrial flutter, or atrial fibrillation) that may result in syncope or sudden death; (7) a progressive deterioration of ventricular function with congestive heart failure; (8) progressive hypoxemia because of the inadequacy of a palliative shunt or the development of pulmonary vascular disease; or (9) the patient requires monitoring and prospective management to maintain ventricular or valvular function or to prevent arrhythmic or thrombotic complications. The task force recommended that cardiac sonographers and physicians who perform and interpret echocardiograms for these patients have special competency in congenital heart disease or refer the patient to a cardiologist (either adult or pediatric) who is trained in the care of adults with congenital heart disease. Based on these considerations and the available literature, the task force issued guidelines for indications for the performance of 2D and Doppler echocardiograms in the adult patient with congenital heart disease (Table 11.1).
